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ABSTPAC'? 

\;e der ix,.? formulae t0 estimate the inclusive 

cistribution of charTed pions ciue tc annihilation which 

u:iiise E~--cp dif:erences in E: way that does not 

violate charqe spm,rtry. 



I. i~~T~Ci3jC'i'iC~~ 

‘t lrJ!/J ei;ersies, ezcplicit identification Of the 

annihilation channels in ci, interactions is possible though 
1 

difficult Because of the large number cf~ambiquities. at 

energies over 20 GeV/c, direct identification of 

annihilation channels in a bare bubble chamber is no longer 

possible. Various efforts have been made to estimate the 

annihilation topoloqical cross sections by attributing it to 

the difference in 5~ and pp cross sections . This 

approach is motivated by the belief that the excess in $9 

cross sections over the pp cross sections is due to the 

nu3oer of extra final states available in ri, that 'are 

forbidden in pp, namely the annihilation channels. Tar 

total cross sections, at hiqh enerqies, this approach VOi:!<S 

reasonably well, iAe difference 

Qot(PP:-otot(“p) 0: s-2.6 

as would bc expected from unitarity considerations, 
3 

difference was entirely due to annihilations . 

if the 

II. IP?CLUSIVE CISTk?IGLTICNS 
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,Tbe subtraction method works reasonably well fOK r!eutral 
. 

;,i-rticle inclusive (distributions. e.g. 7 O's . 'The excess 

i 11 Ti a rapliiity distributions is concentrated ifl the central 

region. as would be expected from annihilations. We will 

now prove that the naive subtraction between EJ and SP 

inclusive CTOSS sections when applied to charged oions 

violates charge symmetry. Symmetry considerations, however 

suggest alternate formulae, which show good agreement with 
L 

annihilation data at 12 GeV/c . 

Uefine rhe inclusive invariant cross.sections: 

ggj; (PP + .++x) E P 1 

E;;; COP * T-+X) E A2 

&So - 
E,;‘? (PP + .++x) : ii1 

EZ?& (hp + v-+X) : B* 

,d’o - 
Ldlp (pp + v++x) annihilations 5 Cl 

.~.d’D - GoTp (PP + n-+x) annihilations s c2 (1) 

A , A * 
1 2,B1,B2,Cl,C2 are functions of p .the center Of mass 

miomentum of the pion, and s the overall c\?nter of mass 



i? he r c *i s c c 3 r e 3 _ Let F denote the inversion operator defined 

!: ', 

?A1 (g.s) z Al(-;,s) = Al(~‘S) 

the last equation following from symmetry in FP 

interacticns. Ke denote the last equation briefly as 

PA1 = Al (2) 

similarly, Pa2 = A* (3) 

ror .$J however, 

pa =3 
12 and P32 = El 

and PC 1 = C2 and PC2 = Cl for annihilations (4) 

These equations follow from C-invariance in pc 

interactions. 

Sne operators l,P.iorm an kbelian gr0u.o' and therefore :'ave 

0r.e dimensional irreducible representations only. The cre 

dimensional representations for 1 are clearly +l and -1. 

2 .T e two A's belong to the representation +l, i.e. they are 

even under inversion. The 3's and C's are a mixture of odd 

and even. However, one can form the linear combinations 

.J 1 +n L 2 and 3 -3 i 2 which are even(belonq to +l) and odd (belong 

to -1) respectively. Similarly C1+C is 2 even under 

inversion and C -C 1 2 is odd. 



To estimate C iC 12 by tne subtraction method, one may write 

c <own 

c1+c2 = (al+~2) - (3+A2) (5) 

Equation (5) is valid from a charqe symmetry point of view 

since both sides of the equation are even. One can motivate 

(5) further by analysing 52 + n' in terms of a 4 component 

modei involving beam and tarqet fragmentation. central 

prcduction and annihilation and relating all the components 

except annihilation to those in pp usinq charge symmetry. 

iiowever C l-CI is odd and cannot be L expressed as a 

difference invol.ving the A's since the A's are ours even. 

'Thus Cl-C, cannot be found by subtraction' . Hence Cl and 

C2 cannat be individualiy be found.QED. 

Ear 7~” s however, since the TT' is its OWII antiparticle. 

Cl = c2 and C -C i 2"a. Equation (5) alone is sufficient to 

yield the no information. If To information is available by 

subtraction, one would think that nr information would also 

be forthcoming. If one hypothesises this to be so, the only 

remedy to the situation is to write down an expression for 

Cl-C 

yc: 

that does not involve the A's. The substitution 

,.. , = El--B2 is patently incorrect, since this would imply 



that the con-annihilation ccmponents X1zB1-C1 and x2zc2-c2 

into 7 + and II respectively were ecual through cut :?hase 

s ,: a c 2 . This is not the case at 12 GeV/c'. The only 

symmetric relation between the C's. B's and X's that one can 

xrite down. that is odd under inversion is 

cl-c2 
-, = 

al-B2 = N1-N2 

(6) 
c1+c2 zl+a2 X +N 

12 

E-:-?ch component of the equation (6) is odd under inversion, 

so (6) is a valid ecuat ion as far as charge synrretry is 

concerned.Equation (6) implies that the percentage excess of 

tile of a f over ii in any part of ph!sse space is independent 

cf tihether it is snnihilation or non annihilation. This may 

be intuitively understooci if one pictures the pion being 

e,mitted fiy a fireball that has an asymmetric charqe 

tiistributiofi. the n+'s bein? emitted Freferentislly frojr! 

xeyions of excess positive charge w i t h the adtiitionel 

7~ roviso tfiat the e,mission of any sinqle Dion is tiecowled 

from the ciecay of the rest of the fireball. Its ultimate 

jnstification must however coze from the data. 

Combining (5) and (6) leads to 

Cl = 
(Bl+E2)-(Al+A2) Bl 

(BlfL.x2) - 1 

7 (a) 



c* = 
I 

S2 

:iote that under inversion,each side of 7(a) 

corresponding side of 7(b). 

III. COMPARISON NITS DATA 

7(b) 

goes into the 

The A’S , B's and C's can be expressed r's a function of x 
2 

and pT , 

EdA = 
dip 

2Ed20 2 
n/sdxupT 

Statistics permit.conoarison only efter 2 
PT integration. 

Equation (5) being linear in the cross sections, remains 

valid for the integrated cross sections. Eouation (6) is 

however non-linear and one requires empiric+1 arguments to 

show that the integrated quantities may be used there as 

well. 

'I'he mean values of <o ,T2> as a function of x for ir+ and "- 

are identical in so interactions st l@B GeV/c'. the r2/D.F 

for the hypothesis that they are equal being 3.12/6. A 



'zimilar f _. result has been obtainc-d at 12 GeV/c for a and n- 

for the backward center of mzss hemisphere. 

One may write 

S1(X.PT2) = dl' (x)e-'"T 
2 

B2("pT2) = 32'(x)e-%2 (8) 

The assumption that <pT 2> is the same for n+ and II- 

implies that B is the same for Bl and e2. Bividinc 7(a) by 

7(b) yields Cl/C2 = 31/32. which is independent 0 f 2 
?T . 

iience Cl and C2 should also have the same slope parsmeter. CI 

in p. 
2 

r * 
This implies that 

CC2= Cl' (X)-c2 (x) al-a2 5, * (x)-a,’ (x) 
Z-E 

CIiC2 Cl' (x)+c,' (x) B1+"2 al' (x)+9?' (x) 

(9) 

kh ich is independent of pT 2 and equal to the value obtained 

if inteqrated cross. sections are used. 

Fence one may substitute the integrated CKOSS sections in 

both (5) and (6) and therefore in 7(a) and (b). Figure 1 is 

2 comparison of the predictions of 7(a) and 7(b) with the 
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8 
cxpiicit annihilation data 2t 12 CeV/c The aqreement 

bet:geen the prediction and the oata is seen to be excellent. 

P,lSC ShOWTl -1 r e ccrves credicted by the naive subtraction 

formulae C1=B1-Al,C2=S2-A2, the first Of which disagrees 

nrastically in snace with data in the forward hemisphere. 

The 1 + and x data being charge symmetric, cross the x=5 

line at 4.5Etti.11 mb . The dashed curve crosses x=0 at 

5.01+0).13 mb and the full curve at 3.54t5.09 mb. The 

discrepancy between the naive subtraction formulae and the 

oata is thus greatest at x=0. The predictions of 7(a) and 

7(b), on the other hand, cross x=5 at 4.68r8.35mb .well 

within errors of the data. 

:~.d e. h a v e TV h 11 s ShOWil that it is Fossible to u s e the 

integrated cuantities F1(X) = 2Ed"o s 2dPT 
2 

nJsoxopT in 7(a) 

anti 7(b). l+ICiily, one nay use the integrated ou&cntities 
rr (J since for 2 
x ' a given x. p T ' the energy of a n- is the 

+ same as that of a T . It is not immediately obvious that 

the relations can be used with the quantities do/dy where y 

-is the center of mass rapidity .defined as 1/21n(E+pL/E-oL). 

Yhe following argument can be used to show that to a good 

apnrouimation, they 

Cl (X,PT2) = 

can. 

2 
Cl'(x)e-"PT = 12 

ndyopT2 

2 
dn =li 5 I (x)e 
G 

-51, dpT2 



L'or y=constant. pT 2 = f(x). 

Cf: inq the mean value theorem, this leads to 

c.0 = *C 1’ (?o 
e-af(x) 

?- 
f'(x)dx. 

-Y d 
5; L&e 

;siiore x is s value of x in the range of integration. A 

similar expression follows for TI-. Since the shapes of 

c 1 '(x) and C2 '(x) are similar, the values of x for each 

case will be close to the other . Substitution in (6) shows 

that to a gocd approximation, do/dy can be used in 7(a) and 

(b.). 

To conclude, -de have derived expressions for the inclusive 

distributions for charged oions in & annihilation. These 

formulae contain the ii0 distributions as a special case. It 

has been shown -that naive subtraction results in loss of 

caaroe symmetry. The derived Eormulae.though to some extent 

heuristic, show qood agreement with experimental data at 12 

GeV/c,and may thus be useful in predicting annihilation 

distributions at higher energies where explicit annihilation 

information is unavailable. 
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